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INTRODUCTION 
 
There is limited quantitative information on the air pollution sources and pollution 
concentrations in school microenvironments. This paper presents an overall synthesis of the 
work conducted under the scope of “Ultrafine Particles from Traffic Emissions and Children’s 
Health (UPTECH)” project and determines driving factors for air pollution in naturally 
ventilated classrooms in Brisbane Metropolitan Area in Australia. 
 
METHODOLOGIES  
 
This cross-sectional study was conducted at 25 randomly selected schools between October 
2010 and August 2012. Air quality measurements were performed for two consecutive weeks 
at each school. Particle number concentration (PNC) was measured at three outdoor sites 
within the school grounds. In addition to PNC, other air quality parameters, including particle 
mass, elemental and organic carbon (EC and OC) as well as chemical, gaseous and 
meteorological parameters were measured at one of the centrally located outdoor sites within 
the school grounds. An Aerodyne Aerosol Mass Spectrometer was deployed to examine 
spatial and temporal variability of organic aerosols (OA) in the outdoor air, and positive 
matrix factorization (PMF) was used to apportion the sources of the OA in the schools, for the 
first time in the Southern Hemisphere. PNC and CO2 concentrations were measured in two 
naturally ventilated classrooms, at the same time as the outdoor monitoring. Classroom daily 
activity surveys, potential sources of indoor particles and their operation schedule as well as 
classroom cleaning schedules were recorded. Traffic density was recorded for the busiest road 
adjacent to the school. Advanced statistical tools, including Bayesian statistical modelling, 
were employed for data analysis. 
 
RESULTS AND DISCUSSION 
 
In general, average outdoor PNC’s were higher than indoor’s with a degree of spatial 
inhomogeneity. The highest indoor PNC’s were recorded during outdoor nucleation events, 
up to 1.4 x 10
5 
cm
-3
, which is up to 18 times higher than that typically observed during traffic 
rush hours (Laiman et al., submitted-b). Classroom activities during school hours, e.g. 
printing, led to elevated indoor PNC, up to a factor of 6, with emission rates of (5.2±2.0)×10
11
 
pmin
-1
. During non-school hours, cleaning activities elevated indoor PNC by a factor of above 
5, with an average emission rate of (2.1±6.3)×10
11
 pmin
-1
 (Laiman et al., submitted-a). 
Average outdoor OC/EC ratios ranged from 1.9 to 19.4 at schools and traffic was identified as 
the principal source where elevated concentrations of primary OC and EC were observed. 
High concentrations of secondary OC, correlated with solar radiation, indicating the influence 
of photochemical secondary OA formation. OA source apportionment showed variations at 
schools, where oxygenated OA accounted for 62 - 73% of the total OA mass and showed 
temporal but not spatial variation (Crilley et al., 2014). Figure 1 is an infographic illustration 
of the identified indoor and outdoor sources of PNC for all the classrooms as well as the 
outdoor EC and OC sources at the schools.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Infographic illustration of the PNC I/O ratios for the main contributing sources of 
indoor PNC and the outdoor EC and OC sources at schools. Average durations: (a) school 
hours: classroom heating and printing events 22-23 mins, tuckshop grilling 18 mins; (b) non-
school hours: cleaning 35 mins. Indoor EC and OC were not investigated. 
 
CONCLUSIONS 
 
Significant spatial variation in outdoor PNC was identified for approximately 60% of the 
schools, demonstrating the necessity of having more than one outdoor sampling site for 
representative I/O ratios and particle filtration analysis. Nucleation events had a significant 
impact on indoor PNC in naturally ventilated classrooms.  
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